Abstract In Chile, mediterranean climate conditions only occur in the Central Zone (ChMZ). Despite its small area, this mediterranean climate region (medregion) has been recognised as a hotspot for biodiversity. However, in contrast to the rivers of other medregions, the rivers in the ChMZ have been studied infrequently, and knowledge of their freshwater biodiversity is scarce and fragmented. We gathered information on the freshwater biodiversity of ChMZ, and present a review of the current knowledge of the principal floral and faunal groups. Existing knowledge indicates that the ChMZ has high levels of endemism, with many primitive species being of Gondwanan origin. Although detailed information is available on most floral groups, most faunal groups remain poorly known. In addition, numerous rivers in the ChMZ remain completely unexplored. Taxonomic specialists are scarce, and the information available on freshwater biodiversity has resulted from studies with objectives that did not directly address biodiversity issues. Research funding in this med-region has a strong applied character and is not focused on the knowledge of natural systems and their biodiversity. Species conservation policies are urgently required in this highly diverse med-region, which is also the most severely impacted and most populated region of the country.
Introduction
Chile is located in southwestern South America in a region with a predominantly temperate climate. Mountains dominate 80% of the country. Mediterranean climate conditions (med-climate) occur only in the Central Zone, between the IV and the VIII administrative regions. The mediterranean climate region (med-region), also called the Chilean mediterranean zone (ChMZ), is located primarily between the Aconcagua and Biobío River basins (32-40°S, Fig. 1 ) (Di Castri, 1981) and includes the west side of the Andes Cordillera, the coastal ranges, and the Central Valley (Mann, 1964) . However, the limits of the ChMZ are not clearly established, and the El Niño and La Niña phenomena can expand or contract the area influenced by the med-climate (e.g., Di Castri & Hajek, 1976; Luebert & Pliscoff, 2004 .
Mesoclimate variability within the ChMZ was previously recognised by Mann (1964) , who distinguished between a ''preclimax'' area with low water availability and a ''postclimax'' area with greater water availability. The area of the ChMZ with the highest temperatures is the Central Valley. Because the coastal mountains (up to 2,000 m.a.s.l.) act as a barrier, inland areas are sheltered from maritime influence. As a result, the Central Valley is 5-6°C warmer than the coastal areas on the other side of the mountains. However, winter frost can also occur in areas of the Central Valley near the foothills of the Andes. Winter precipitation in the entire ChMZ is concentrated from May through July, with a range of 300-1,500 mm/year from north to south (Niemeyer & Cereceda, 1989) . Such precipitation increases river flows and causes substantial amounts of ice and snow to accumulate in the mountains from 1,500 m.a.s.l. upwards (Fuentes, 1988; Clapperton, 1994) . The melting of the ice and snow peaks at the end of spring, maintaining permanent river flows during the entire summer. For this reason, temporary rivers flowing from the Andes are relatively uncommon, whereas temporary rivers are common in the coastal ranges.
Variation in med-climate conditions occurs not only in longitude (i.e. from the coastal ranges to the foothills of the Andes) but also in latitude. Based on climatogram analyses, Di Castri & Hajek (1976) have shown that med-climate conditions vary with latitude, with a progressive decrease southwards during the dry period. South of the Biobío River basin, however, two fundamental properties determine the change to another climatic regime, which is the temperate climate of the Valdivian rainforest (Miller, 1976) . First, the influence of the westerly winds causes winter precipitation and extreme summer droughts (Villagrán & Hinojosa, 1997) . Second, the fragmentation of the coastal ranges allows the maritime influence to extend inland, increasing precipitation (Miller, 1976) . The city of Valdivia in southern Chile, for example, does not have the summer dry period and winter-wet period typical of a med-climate.
The ChMZ is the Chilean region with the highest human density and the most fertile soils, with *14.5% of the land used for wheat, sugar beets, oats, potatoes, oilseed rape, barley, and maize production (Fuentes, 1988) . This extensive agricultural use, in combination with similarly important uses for livestock and industrial activities, has produced strong pressure on both land use and water resources . Thus, for example, 85% of the water resources of the ChMZ are used for agriculture, but 70% of this water is lost to evaporation or infiltration from the open channels used for irrigation (Table 1 ).
The orography of Chile results in a longitudinal orientation of most river basins. Seven large river basins located from north to south in the ChMZ (the Aconcagua, Maipo, Rapel, Mataquito, Maule, Biobío, and Itata rivers) have their headwaters in the foothills of the Andes and drain the Central Valley and the coastal ranges (Fig. 1) . In addition, several smaller, steep river basins are located in the coastal ranges. This particular distribution of river basins in the ChMZ resembles that found in the med-region of California (Ball et al., 2013) . Contrary to those in other med-regions of the world, however, the rivers in the ChMZ have rarely been studied, and the knowledge of their freshwater biodiversity is extremely scarce and fragmented. The aim of the present study is to gather the available information on the freshwater biodiversity of the ChMZ and to identify the gaps in this knowledge to guide further fundamental and applied research in the region.
Biogeography
The principal features of the geology of the ChMZ are metamorphosed sediments and igneous batholithic rocks in the Andes, sediments in the Central Valley, and metamorphosed and granite deposits in the coastal ranges (Thrower & Bradbury, 1973) . The landscape has been strongly shaped by ancient and intense tectonic activity and by recent glacial events (Clapperton, 1993) .
The association between med-climate characteristics and vegetation structure and physiology in the ChMZ has been analysed in several studies (e.g. CFP, 1950; Mann, 1964; Di Castri & Hajek, 1976) . The vegetation of the ChMZ consists primarily of a semidesertic formation of sclerophyll and evergreen trees and shrubs, as well as woodlands with the deciduous Nothophagus spp. and the evergreen Drimys winteri (Hajek, 1991; Dallman, 1998) . The vegetation of the most arid sector occurs in the northern ChMZ between the Aconcagua and Maipo river basins (Fig. 1) . Spiny shrub steppes formed by plants such as Acacia caven are highly abundant in the coastal ranges and the Central Valley, whereas sclerophyll forests dominate in the Andes foothills. Southwards, between the Rapel and Maule river basins, the vegetation is dominated by subhumid species in the coastal ranges and the Central Valley, Hydrobiologia (2013) 719:269-289 271 whereas mountain forest species are common in the Andes foothills. From Talca to the south, sclerophyll forests with inclusions of Valdivian hydrophilic forest species are frequent. In this southern region, the rainfall is more regular and allows the occurrence of many endemic species with higher water requirements (Rodríguez et al., 1983) . Overall, a total of 57 forest tree and shrubs species occur in the ChMZ, namely, 35 endemics, 12 with South American affinities, and 10 with subantarctic affinities. The typical species are Peumus boldus (boldo, which is endemic); Lithraea caustica (litre, endemic); Acacia caven (espino, endemic); Cryptocarya alba (peumo, endemic); Quillaja saponaria (quillay, endemic); Austrocedrus chilensis (ciprés, subantarctic); Aextoxicon punctantum (olivillo, subantarctic); Nothofagus spp. (South American beech species group, endemic); Jubaea chilensis (Chilean wine palm, endemic, and which is South America's southernmost palm species, and it is almost extinct); Porlieria chilensis (palo santo, endemic); Senecio yegua (palo yegua, endemic); Azara integrifollia (aromo, endemic); and Lomatia dentata (palo negro, endemic). Despite its high number of endemic species, Chilean native vegetation has been strongly modified by agricultural activity, urban expansion, and forestry. In the Biobío River basin, for example, the coverage of forest plantations can exceed 55%. Land use in the Vergara River basin, an important tributary of the Biobío River, consists of 47% for agriculture use, 31% for native forests, and 18% for scrubland in 1979, whereas forestry plantations occupied 38% of the basin, native forests 21%, and agriculture 32% in 1994 (Stehr et al., 2010) . Similarly, deciduous forests around the city of Concepción have been almost totally eradicated by exotic tree species, such as Pinus radiata (Monterey pine tree) and Eucalyptus globulus (Tasmanian blue gum). The annual report issued by Medio Ambiente in 2010 indicated that only 2.28% of the surface area of the Biobío Region is protected within the National System of Protected Wild Areas of the Chilean State. The amount of protected wild areas in the Biobío Region is the fourth smallest in Chile, after the Metropolitan, Coquimbo, and Maule Regions, all of which are located in the ChMZ (INE, 2012) . Recently, the Fundo Nonguén National Reserve was established by decree. This reserve (of 3,055 ha) represents the last fragment of deciduous coastal forest in the Biobío region (Jerez & Bocaz, 2006) and has a high ecological and environmental value (Habit et al., 2003) .
Biogeographic studies of Chilean freshwaters have focused primarily on the southern area of the country. This area is highly interesting from a biogeographical perspective because glaciation has been an extremely important determinant of the geomorphology of the area's fluvial ecosystems (Clapperton, 1993; Villagrán & Hinojosa, 1997; Smith-Ramírez, 2004) . However, the rivers of the ChMZ have generally been ignored in terms of scientific research. In the ChMZ, fluvial landscapes have been modelled by volcanic and tectonic events before and during the formation of the Andes (Parada & Peredo, 1989; Charrier et al., 2002; Barrientos et al., 2004 Barrientos et al., , 1994 .
Current status of freshwater biodiversity knowledge
In the ChMZ, freshwater diversity studies have primarily been focused on floristic groups (Bannister et al., 2011) and on the distribution of several major faunal species, including Lutra provocax (Chilean otter), Casmerodius albus (greategret), Egretta thula (snowy egret), Calyptocephalella gayi (Chilean helmeted water toad), and Rhinoderma darwinii (Darwin's frog) (Quintanilla, 1983) . Other groups, e.g. Trichoptera, Plecoptera, and fish, have been considered to be of major ecological importance in the ChMZ, but the current knowledge of these groups is far from complete (Dyer, 2000; Teneb et al., 2004; Palma & Figueroa, 2008) . Figueroa et al. (2006) have highlighted the lack of studies in the ChMZ and the unbalanced knowledge of this area relative to other med-regions in the world. These deficiencies can result in incorrect conclusions about its biodiversity status. As a result of the absence of national collections of particular groups (e.g. of aquatic insects) and the lack of available taxonomists, it is extremely challenging to construct inventories of freshwater biodiversity.
Information on Chilean freshwater diversity has recently been collected in a special issue of the journal Gayana (Concepción) (2006, volume 70) . This information allows detailed analyses of freshwater groups nationwide, such as microalgae (Parra, 2006; Rivera, 2006) , macrophytes (Hauenstein, 2006) , planktonic protozoans (Woelfl, 2006) , zooplankton (Villalobos, 2006) , malacostracan crustaceans , Hydrobiologia (2013) 719:269-289 273 Ephemeroptera (Camousseight, 2006) , Plecoptera (Vera & Camousseight, 2006) , Trichoptera (Rojas, 2006) , Coleoptera (Jerez & Moroni, 2006) , Bivalvia (Parada & Peredo, 2006) , Gastropoda (Valdovinos, 2006) , Bryozoa (Orellana, 2006) , fishes (Habit et al., 2006a) , amphibians (Ortiz & Díaz-Páez, 2006) , birds (Victoriano et al., 2006) , and parasites (Olmos & Muñoz, 2006) . However, it is difficult to use these reviews to find fauna characteristic of the ChMZ because these publications do not consider the distributional areas of species and are too general for the purpose of this current review. Therefore, to analyse the biodiversity of this med-region we used information provided in the journal Gayana (Concepción) (2006, volume 70) and specific studies conducted in the ChMZ, such as those by Arenas (1995) in the Biobío River basin; Figueroa et al. (2003 Figueroa et al. ( , 2006 Figueroa et al. ( , 2007 in the Damas, Nonguén, and Chillán river basins; Valdovinos et al. (2009) in the Itata River basin; and Domínguez & Fernández (2009) for the entire Neotropical region.
Diatoms and macrophytes
Rivera (2006) noted that most of the diatom species present in Chile are cosmopolitan. Most studies conducted in Chilean rivers have been concentrated in the ChMZ, especially in the Concepción area. Parra (2006) observed the same situation for other benthic algae groups, for which no endemic species have been identified. Hauenstein (2006) indicated that *455 macrophyte species are found in Chile, with a high percentage of endemic species (ca. 80%). This author also indicated that richness increases from north to south. Ramírez et al. (1979) and Ramírez & San (2006) noted that although macrophyte distributions are poorly known in Chile, the greatest diversity is located between 35°and 40°S, which includes the ChMZ. Despite the low representation of the introduced macrophyte species Egeria densa, this species has caused severe problems in freshwater habitats of this area, hampering sport activity, transportation, and invading irrigation channels and rice fields (Ramírez & San, 2006) .
The zooplankton fauna recorded in reservoirs does not include any endemic species in the ChMZ, and the species present are widespread in Chile (Araya & Zuñiga, 1985; Soto & Zuñiga, 1991) . Numerous reservoirs are located in the Central Valley. Many of these reservoirs are eutrophic as a result of high nutrient inputs. These ecosystems are characterised by the presence of small cladocerans (Ceriodaphnia dubia, Moina micrura, Neobosmina chilensis, Daphnia pulex), calanoids (Tumeodiaptomus diabolicus), and cyclopoids (Mesocyclops longisetus). De los RiosEscalante (2010) found 14 species in 7 reservoirs, with a maximum of 10 or 11 species in the most eutrophic reservoirs and only 4 or 5 in the less eutrophic ones.
Aquatic insects
Information on Ephemeroptera in Chile can be found in Camousseight (2006) . Domínguez et al. (1992 Domínguez et al. ( , 2001 Domínguez et al. ( , 2006 Domínguez & Fernández 2009 ) have also updated previous knowledge of South American Ephemeroptera, including those of the Chilean region. Seven families of the 14 present in South America occur only in Chile, with 375 genera and ca. 4,000 spp. Of these families, the family Onicigastridae had not been reported in the ChMZ (Table 2) until recently, when it was found in the Maule and Biobío river basins. Similarly, these recent studies indicate that the genus Camelobaetidius (Baetidae), which had not previously been recorded for Chile, occurs throughout the ChMZ. Thus, 42 species in all, with 12 endemic species, are recognised for the ChMZ (Table 2 ). The biology of the Ephemeroptera in the ChMZ is little known and follows the general patterns described by Domínguez et al. (2006) . Recent studies by Sabando et al. (2011) on the population structure of Andesiops torrens have shown that this species feeds on fine organic particles as well as on algae.
Of the 16 known families of Plecoptera in the world, Chile has only 6. Recent studies by Vera & Camousseight (2006) and Palma & Figueroa (2008) have confirmed that all six families, with a total of 48 species (five endemic species), occur in the ChMZ (Table 3) . As in other med-regions of the world, Plecoptera have been used in the ChMZ as waterquality bioindicators (Figueroa et al., 2003 because all families appear to be restricted to rivers with high oxygen concentrations and low levels of human impact (Palma & Figueroa, 2008) . One family of particular interest is the Diamphipnoidae, which occurs only in Chile (Fochetti & Tierno de Figueroa, 2007) and comprises two genera and five species, all of which are present in the ChMZ. Diamphipnoa virescentipennis and Diamphipnopsis samali are confined to the ChMZ (37°to 38°S and 38°to 42°S, respectively), whereas the distributions of the other 3 species of Diamphipnoidae extend to Patagonia (Vera & Camousseight, 2006) .
In Chile, Schmid (1955 Schmid ( , 1957 Schmid ( , 1958 Schmid ( , 1959 Schmid ( , 1964 Schmid ( , 1989 was the first researcher to conduct significant studies of Trichoptera faunistics. In addition, Flint & Holzenthal have contributed substantially to the knowledge of Chilean species (Flint, 1981 (Flint, , 2002 Holzenthal, 1986 Holzenthal, , 1988 Holzenthal & Flint, 1995; Flint et al., 1999) . All of these studies indicate that Chile has 18 families, 62 genera, and 224 species of Trichoptera. In the ChMZ, 18 families, 53 genera, and 150 species are recognised, with 108 endemic species (Table 4) . Actually, the current knowledge indicates that central Chile is a center of diversification for Trichoptera (Pauls et al., 2010) . The Biobío River basin is of particular interest because it has the greatest concentration of recorded species (Rojas, 2006) . The studies performed also highlight the high degree of endemism (Holzenthal, 2004; Rojas, 2006) , although information on juvenile aquatic forms, their behaviour, and their ecological requirements is completely lacking (Angrisano & Korob, 2001 ). According to Angrisano & Korob (2001) , the Trichoptera are characterised by a total or partial replacement of species from the headwaters to the lowlands. The pattern of species replacement is influenced by the current velocity, which directly affects the availability of food, the construction of refuges, and the amount of drifting organisms. In addition, Sabando et al. (2011) have demonstrated that the degree of genetic isolation of Smicridea annulicornis among the basins of the ChMZ is noteworthy, even in highly deforested basins. Information on other groups of aquatic insects is scarce. Jerez & Moroni (2006) recognised 12 species of aquatic Coleoptera for Chile and indicated that the knowledge of this group in the country is vague, and is usually derived from extrapolations from other countries. However, Chile lacks endemic families of Coleoptera, and the families present include elements with both tropical and Australian affinities.
In the ChMZ, Puntí (2007) studied the highly diverse dipteran family of Chironomidae and compared species richness, abundance, and composition among the ChMZ, southwestern Australia, and the Mediterranean Basin. Despite the limited knowledge of the group and the problems associated with chironomid taxonomy, Puntí collected 24 genera of Chironomidae at 11 sites belonging to four river basins in Chile and identified 16 unknown larval morphological forms of Orthocladiinae, Chironomini, Tanytarsini, and Heptagyini. The composition of the Chironomidae of the ChMZ is closer to that of southwestern Australia than to that of the Mediterranean Basin, indicating past geological connections between the ChMZ and southwestern Australian medregions (Brundin, 1966) . Thus, the genera Aproteniella, Stictocladius, and Botryocladius are considered Gondwanaland faunal elements and are currently shared by Australia, South America, and New Zealand (Edward, 1989; Cranston & Edward, 1992 . The ChMZ and southwestern Australian med-regions also had similar rarefied richness values, which were lower than that found in the Mediterranean Basin (Puntí, 2007) .
Other invertebrates
Knowledge of non-insect aquatic invertebrates is scarce in Chile, and information is only available for molluscs and some crustacean groups. A total of 75 species of freshwater molluscs occur in Chile. Their distribution varies latitudinally from north to south, with a greater concentration between latitudes 26°and 44°S (Fuentealba et al., 2010) , which is where the ChMZ is located. Two families of bivalves, the Hyriidae and Sphaeriidae, occur in the freshwater habitats of Chile. The Hyriidae are only represented by a single genus with two species (Diplodon chilensis and D. solidulus), whereas the Sphaeriidae are represented by three genera and 11 species. Pisidium chilense, P. huillichum, and P. llanquihuensis are endemic to the ChMZ. However, Parada & Peredo (2006) noted that there is a significant lack of information about freshwater molluscs occurring between 18°and 35°S, a substantial part of the ChMZ.
Freshwater gastropods comprise 73 species in Chile (Valdovinos, 2006) , with many endemic species of the families Hydrobiidae (Littoridina cumingi), Chilinidae (Chilina dombeyana, C. fluctuosa, C. tenuis, C. gibbosa, C. fasciata, C. obovata, and C. minuta), Physidae (Physa chilensis), and Planorbidae. The Planorbiidae are distributed between the northern regions of Chile and the ChMZ, with Biomphalaria chilensis as the only species in the ChMZ. The family Ancylidae (Uncancylus gayanus), which has a more limited distribution range, reaches its maximum abundance in the rivers of the Biobío region (Valdovinos, 2006) .
Six species of Malacostraca are distributed in Chile (5 Parastacidae and 1 Palaemonidae). These species are best represented in the Biobío River basin and in the Valdivia region . In contrast, the diversity of anomuran crabs, with 18 species and two subspecies, is notable. Three species are highly abundant in the ChMZ but are not found exclusively in this area. Samastacus spinifronsis distributed from the Aconcagua River basin to Chiloé, Parastacus pugnax is distributed within the wetlands of the Central Valleyto the Toltén River, and Aegla pewenchae is distributed in the area between the cities of San Fernando and Concepción. In contrast, A. bahamondei and A. occidentalis are endemic to the TucapelPaicaví river and Lleu-lleu lake basins in the coastal ChMZ, respectively (Smith- Ramírez et al., 2005) . In addition, A. expansa, A. concepcionensis, and A. laevistalcahuano are also ChMZ endemics. Despite the high number of endemics, the information on the conservation status of this group is incomplete. For the ChMZ, A. expansa and A. concepcionensis are identified as extinct, whereas S. spinifrons and A. bahamondei are considered vulnerable .
Amphipods have rarely been studied in Chile. González (2003) provides the most complete information on this group. They are represented by a single genus and 7 species: Hyalella simplex, H. fossamancinii, H. kochi, H. chiloensis, H. costera, H. araucana, and H. franciscae. Only H. chiloensis and H. costera are present in the ChMZ, where they are endemics. Recent discoveries have indicated the presence of 2 new species in Chile, which have not yet been recorded in the ChMZ: Rudolphia macrodactylus (Grosso & Peralta, 2009 ) and Ruffia patagonica (Bréhier et al., 2010) .
Vertebrates

Amphibians
Fifty-nine amphibian species are recognised for Chile, with 60.7% endemic (Ortiz & Díaz-Páez, 2006; Frost, 2009 ). Although information is currently available on Chilean amphibians, aspects of their distribution remain unclear. Only the studies by Vidal et al. (2009) and Jofré & Méndez (2011) have presented information about the latitudinal distribution of amphibians in Chile. Based on a parsimony analysis of endemicity, these authors recognise three major zones related to different groups of amphibians: a northern zone from 18°to 24°S, a central zone from 24°to 37°S, and a southern zone from 38°to 54°S. The central zone and a portion of the northern zone correspond to the ChMZ. Amphibian endemism reaches 60% in the ChMZ, and the highest species richness (17 species) is attained at the southern limit of the zone (ca. 38°S). However, this information could be enhanced by further study because recent studies by Ortiz (pers. comm.) have recognised at least two new species in primary forests of the coastal ranges of the ChMZ.
Fish
The Chilean freshwater ichthyofauna consists of 11 families, 17 genera, and 66 species (44 native and 22 exotic). Their altitudinal range does not exceed 1,500 m.a.s.l. A total of 20 native and 13 introduced species are recognised for the ChMZ (Table 5) . Within the ChMZ, the southern portion is the most diverse, with several endemic species, such as Trichomycterus chiltoni and Percilia irwini (Vila et al., 2006) . However, this is also the area in the ChMZ where populations are most heavily altered because of anthropogenic pressure (Habit et al., 2006b; Vila & Pardo, 2008; Zunino et al., 2009) . A total of 26 fish species have been introduced in the ChMZ since the end of the nineteenth century for such diverse purposes as sport fishing, ornamental use, biological control, and aquaculture (Iriarte et al., 2005) ( Table 5 ). The effects of introducing exotic fishes into native fish communities are very poorly understood, but such introductions are considered to be the drivers of local native fish extinctions (Ruiz, 1993; Soto et al., 2006) . In addition, Figueroa et al. (2010) showed that an elevated diet overlap occurred between native and introduced fish species in a river of the ChMZ. This overlap resulted in a significant negative impact on native fish communities.
According to Dyer (2000) , the Chilean icthyofauna is grouped into three provinces: Titicaca, Patagonian, and Chilean. The ChMZ belongs to the Chilean Province and has a very distinct species composition compared to southern areas. Researchers have related this pattern to vicariance for a multiple-taxa divergence event (Dyer, 2000) , but this conclusion is not consistent with geological studies that show a gradual uplift of the Andes Mountains during the lower Miocene (Jordan & Gardeweg, 1989; Lundberg et al., 1998) and other geological events that have shaped the current isolation patterns of the basins (Charrier et al., 2002; Muñoz et al., 2006) . Despite the distinct species composition of the ChMZ, fish diversity is low overall but includes many endemics (Quezada-Romegialli et al., 2010) . This pattern, together with the small body size of the species, has been related to the geographic isolation of the country and to the presence of rivers with high levels of discharge (Habit et al., 2006b; Vila et al., 2006) . The geographic isolation of Chile has resulted in highly restricted species distributions. For example, Bullockia maldonai is only found in the Itata and Cautín River Basins in the ChMZ (Habit et al., 2006b) . In contrast, recent genetic studies of Trichomycterus areolatus and Basilichthys microlepidotus have also demonstrated genetic isolation among ChMZ basins. For this reason, future conservation programs must consider river basins individually (Quezada-Romegialli et al., 2010) to avoid cases such as the extinction of Diplomystes chilensis in the Maipo River (Vila & Pardo, 2008) .
Conservation and future challenges
Projected climate change
In terms of the modification of the thermal regime, studies conducted by CONAMA (2006) have shown that the ChMZ will be one of the areas in Chile most affected by the global temperature increase. The altitude of the 0°C isotherm has already shifted (*300-500 m; CONAMA, 2006); as a result, a greater amount of precipitation falls as rain rather than of snow. The discharge of the rivers flowing from the Andes foothills in the ChMZ is expected to increase, especially in winter. An increase of 400 m in the altitude of the 0°C isotherm would imply a loss of 23% of the snow area between 30°and 35°S. The Andean foothills of the ChMZ are one of the areas in the country with the greatest productivity for forest farming. Moreover, a high percentage of Chile's hydroelectric energy (approximately 60%) is generated in the ChMZ. In terms of rainfall, it is expected that precipitation will decrease 40% in winter between 308 and 40°S, with a somewhat smaller decrease in fall and summer (CONAMA, 2006) . The loss in rainfall also extends to the summer throughout the region between 38°and 40°S and farther north in the Andean sector. McPhee et al. (2010) have indicated that for the Maule and Laja River basins, a 40% reduction in the availability of water is expected. In the Laja River basin, a greater temperature increase will also occur. In addition, Garreaud & Falvey (2009) has indicated that climate change models are more uncertain in the Southeast Pacific because of the dependence of the climate on the La Niña phenomenon, assuming an intensification of the South Pacific Anticyclone in recent decades.
The anticipated changes in the climate, added to changes in land use (Aguayo et al., 2009; Schulz et al., 2010) and thermal pollution, are problems not currently addressed in Chile in terms of the protection of Chilean aquatic ecosystems . In this sense, the only possibility is to address future changes via the sustainable management of rivers and riversides to ensure the maintenance of the most relevant ecosystem services.
Pollution and pressures
The history of environmental protection in Chile has been brief. The first Environmental Law was approved in 1994, and the first ''Norm for the Protection of Surface Water Quality'' is still under development (CONAMA, 2004) . Actually, no legal document exists in Chile with the aim of protecting river basins in the country. More than 2/3 of the Chilean population is located in the ChMZ, and most domestic and industrial wastewater is discharged into the area's principal rivers and tributaries. Diffuse pollution from the agricultural sector, together with pollution by hazardous and liquid industrial wastes, is also important in particular river basins (e.g. the Maipo and Rapel River basins; CONAMA, 2007 CONAMA, , 2008 CONAMA, , 2009a .
Bioassessment approaches are being investigated in several rivers of the ChMZ. However, most of this work is conducted entirely for research purposes and, although the results of the research are transferred to the local and national administrations, their implementation is still not being done.
In the Biobío River basin, a number of investigations have focused on the study of the ecological quality of several rivers (Parra et al., 1993a, b; Vighi et al., 1993) , proposing management strategies and recognising areas under pressure. The Biobío River basin is the most important hydrologic system in Chile, covering 24,260 km 2 . It is one of the large rivers in Chile showing the greatest disturbance by industrial and urban effluents and by flow regulation for hydropower generation and irrigation . Nutrients occur at very low concentration in the upper section of the Biobío River, but the concentrations of nitrogenated compounds (ammonium, nitrite, nitrate, total nitrogen, and total phosphorus) are increased downstream as a result of contributions from cellulose mills, urban settlements, and agricultural/forestry activities ). This situation is particularly critical in the lower section, where the nutrient values approach eutrophication levels. Phenolic compounds also show a clear increasing trend towards the lower part of river. Other relevant variables affecting water quality, however, such as the concentration of heavy metals, hydrocarbons, and pesticides, have shown very low values or are under the detection limits of the methods used. During the past decade, pulp mills have doubled their production in the Biobío River basin (over 1,800,000 tons/year; Parra et al., 2009) . Despite this drastic increase in production, the water-quality parameters directly associated with cellulose mills have not shown any increases relative to historic levels, perhaps the result of the new cleaner technologies being used in the mills. A number of studies of biomarkers and the ecological status of the aquatic biota have also been conducted in the Biobío River basin, showing the large-scale and long-term effects of human impacts on rivers (Gaete et al., 1999; Orrego et al., 2005 Orrego et al., , 2006 Orrego et al., , 2009a Habit et al., 2006a, b; Chamorro et al., 2010; Chiang et al., 2011) .
In terms of fragmentation, all large basins of the ChMZ show alterations of natural flow regimes by dams to a certain extent (Table 6 ). The generation of hydroelectricity represents approximately 70% of the energy used in the country. Approximately 60% of Chile's hydroelectricity is generated in the Biobío River basin, which sustains a significant biodiversity, with many endemics.
From a river conservation perspective, there are no development policies in Chile. River conservation depends on the National System of Protected Wild Areas of the Chilean State (SNASPE), which represents the principal tool for biodiversity protection through the administration and management of natural areas nationwide. Chile has 36 national parks, 49 reserves, and 15 natural monuments (CONAF, 2010) . Of these natural areas, 4, 19, and 1, respectively, are located in the ChMZ. However, only 19% of the area of Chile is protected to some extent, and only 0.3% (Table 6 ) of Chile's protected area is located in the ChMZ (INE, 2012) . In addition, Chile has 12 sites that are recognised under the Ramsar convention (i.e. internationally protected lakes and wetlands). Two of these sites (0.8%) are located in the ChMZ.
Conclusions
The biological diversity of numerous med-rivers in the ChMZ remains completely unexplored. Taxonomic specialists are rare, and the scarce information available on freshwater biodiversity is found in studies that do not directly address biodiversity issues but focus on other objectives. Research funding has a strong biotechnological and applied character and is not focused on the knowledge of natural systems, their biodiversity, and the ecological services that they provide. Despite all these challenges, existing knowledge already shows that the ChMZ has high levels of endemism in a reduced geographic area, with many primitive faunal elements of Gondwanan origin (de Moor and Ivanov, 2008; Valdovinos, 2008) . Many freshwater groups of the ChMZ have a stronger affinity to the fauna of New Zealand and Australia than to the rest of South America (Fittkau, 1969; Zwick, 2000) .
Our review indicates that detailed information is available on specific invertebrate groups, such as molluscs (Fuentealba et al., 2010) , Plecoptera (Palma & Figueroa, 2008) , and Trichoptera (Flint et al., 1999) . However, most groups remain poorly known. In this sense, the ChMZ represents an exceptional area for performing taxonomic and ecological studies because of its potential high levels of biodiversity and endemism. For example, our analysis has shown that 28.6% of the species of Ephemeroptera, 10.4% of the Plecoptera, and 70.6% of the Trichoptera in the ChMZ are endemic. These levels of endemism are expected to be modified as more rivers throughout the country are explored. In the ChMZ, vertebrates, especially anurans (Ortiz & Díaz-Páez, 2006; Vidal et al., 2009 ) and fish (Habit et al., 2003 (Habit et al., , 2007 , have received more attention than invertebrates. The southern part of the ChMZ (Concepción Province) and its extension farther southwards (Valdivia Province) appears to be one of the most diverse areas for fish in Chile and has been recognised as one of the world's diversity hotspots (Myers et al., 2000) . However, it must be recognised that universities with a long tradition of local fish specialists (e.g., Hugo Campos) are located in both provinces.
From a conservation perspective, only certain fish, amphibian, and crustacean species have some form of protection. Invertebrates other than crustaceans are completely ignored in the Chilean red list. In addition, protected areas are scarce in the ChMZ and only represent 0.3% of the protected areas in Chile (INE, 2012) . The ChMZ is being heavily exploited for mining, agriculture, and hydroelectric projects. These activities involve a high level of economic investment but ignore freshwater biodiversity. These projects, together with the rapid degree of contamination of watercourses in the ChMZ, suggest that many species will move from being unknown to being lost. In this sense, the ChMZ urgently requires policies focused on the protection and conservation of freshwater biodiversity.
